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其性质会发生较大改变，从该角度出发，本课题研究了 4 种不同形状、3 种不同
粒径的 Au 纳米粒子的生物效应。采用 MTT 分析方法，流式细胞术，LDH 实验，
结合 Hoechst 33258 染色方法，系统考察了不同 Au 纳米粒子对 CHL 细胞的毒性。
结果表明，纳米粒子对细胞毒性影响均存在浓度依赖关系，不同形状的 Au 纳米
粒子的细胞毒性不同，其毒性大小由大到小顺序为：棒状>菜花状>立方体状>球





































With the fast development of nanotechnology, the bioeffects of the nanomaterials 
have gradually become a new focus in the research fields flowing the research and 
exploitation of nanomaterials. Recently, gold nanoparticles as one of the important 
nanomaterials display several features of straightforward synthesis and easily 
modification, which make them be widely applied in biomedicine. However, the 
bioeffects of gold nanoparticles have not been systematic studied. This thesis is aimed 
at the cell bioeffects of Au-based nanoparticles. A series of studies on cell bioeffects 
of Au-based nanoparticles have been operated. The main results are as follows: 
(1) Establishing the methods of mouse embryo fibroblasts culture and subculture 
stability. Then the cultured fibroblasts were used to detect the cytotoxic reactions of 
near-infrared sensitive Au-Au2S Nanoparticles. Discussion the possibility of 
toxicology testing on mouse embryonic fibroblasts cultured in vitro. To explore an 
economic, stable and rapid cytotoxicity evaluation methodologies of foreign 
compounds. 
(2) Based on Au, we synthesized the near-infrared-sensitive drug delivery vector 
Au-Au2S nanoparticles ,to further investtigate biological safety of NIR sensitive 
cisplatin-loaded Au-Au2S nanoparticles, four different cell lines were used to 
investage the acute cytotoxicity, cell apoptosis, and the long term potential 
carcinogenicity in vitro. our in vitro short and long-term data provided preliminary 
evidence suggesting the cisplatin-loaded Au-Au2S nanoparticles are non-toxic below 
the maxium recommended dosage. 
(3) The toxicity of three diferent shape and different size gold nanoparticles to 
CHL cells was investigated by MTT analysis, flow cytometry technology and Hoechst 
33258-based analysis. Results indicated that the cytotoxicity on CHL cells were 
concentration-dependent, and the following order was observed: 
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different size. ICP / MS and TEM were used to study the absorption of nanoparticles 
on three different cells (Hela, NIH/3T3, CHL) and, in parallel observation of 
nanoparticles distribution in cells, The results showed that 30% nanoparticles were 
uptaken by various cell lines. TEM results show that the different shape of 
nanoparticles can enter through the cell membrane and randomly distributed in the 
cytoplasm. 
 

















1959 年 12 月 29 日，美国著名的物理学家、两度诺贝尔物理学奖获得者
Richard Phillips Feynman[1]在美国物理学召开的年会上，作了一个题为“There's 











基于 Au 的纳米材料的重要意义有更深刻的认识。 
 
 
图 1-1 各国政府在纳米技术领域的投资额度曲线 

























































表 1-1 纳米粒子表面原子数与粒子直径的关系 
Tab.1-1 the relations betwwen Nanoparticle surface atoms and particle diameter 
纳米微粒尺寸（nm） 包含原子数 表面原子所占比例 
10 30000 20 
4 4000 40 
2 250 80 
1 30 90 
 
由表 1-1 可见，对直径大于 100 nm 的粒子表面效应可忽略不计，当尺寸小












电，而二氧化硅粒子在 20 nm 时却开始导电，高分子材料加纳米材料制成的刀
具比金刚石制品还要坚硬，纳米陶瓷具有良好的韧性等。金属纳米材料的电阻随
尺寸下降而增大，电阻温度系数下降甚至变成负值；10 nm-25 nm 的铁磁金属
























式中 S 为能级间距，E 为费米能级，N 为总电子数。因为宏观物体包含无限
原了，N 趋于无穷，则 S 趋于零，即大粒子或宏观物体能级间距几乎为零，而纳
米微粒包含原子有限，N 不算太大，则能级间距大于热能、电场能或者磁场能时，
使其磁、光、热、电、超导电性能与宏观材料显著不同，即量子尺寸效应。金属 









米晶 Co.的自扩散系数比 Cu 的体扩散系数大 14-16 个量级，比 Cu 的晶界自扩散
系数大 3 个量级。Fe 在非晶 FeSiBNbCu 晶化形成的复相纳米合 Au(由 Fe，Si 纳
米金属间化合物和晶间的非晶相构成)中的扩散要比在非晶合 Au 中快 10-14 倍，























氢材料的重要候选合金。如用 Mg 和 Ni 粉末经球磨可直接形成化学当量的
Mg2Ni，晶粒平均尺寸为 20 nm-30 nm，吸氢性能比普通多晶材料好得多。纳米
晶 FeTi 的吸氢活化性能明显优于普通多晶材料。 
1.4 Au 纳米材料研究和应用进展 
基于 Au 的纳米材料是众多纳米材料中的重要成员之一，具有易控制粒径














Au 纳米粒子作为特殊标记物进行生化分析的研究始于 20 世纪 60 年代。1962 年，
有学者用金纳米粒子标记细胞进行电子显微镜研究；1971 年，有人又将金纳米
微粒引入电镜免疫技术中，从而开创了 Au 纳米颗粒用于免疫标记技术的先河。
1981 年，IGS 与银显染增强技术结合形成免疫金银染色（IGSS）[23]。2005 年，
Hussain 等[24]将纳米金标记的缩氨酸配体与细胞一起孵育，使其进入细胞内。其
优点在于：①可以适用于不同的反应（蛋白质、肽类、脂、寡核苷酸等），且反
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